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Abstract: The pre-evaluation of the current-collection performance is an important issue for high-speed railway vehicles. In
this paper, using flexible multibody dynamic analysis techniques, a simulation model of the dynamic interaction between the
catenary and pantograph is developed. In the analysis model, the pantograph is modeled as a rigid body, and the catenary
wire is developed using the absolute nodal coordinate formulation, which can analyze large deformable parts effectively.
Moreover, for the representation of the dynamic interaction between these parts, their relative motions are constrained by a
sliding joint. Using this analysis model, the contact force and loss of contact can be calculated for a given vehicle speed.
The results are evaluated by EN 50318, which is the international standard with regard to analysis model validation. This
analysis model may contribute to the evaluation of high-speed railway vehicles that are under development.
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Table 1 Specification of the pantograph

%gggg‘(g Stiffness Damping
mass(kg) (N/m) (Ns/m)
Contact ) k. = 50,000 )
spring ’
Collector 72 | ki = 4,200 10
head me= e =
articulation | ) — 15 | k=50 | n =90

Collector head

Articulation frame

Base frame

VA4
Fig. 3 EN 50318 reference model of the Pantograph
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Table 2 Position of the droppers

Dropper | 1| 2| 3| 4| 5| 6| 7| 8| 9

X(m) 501 105 170] 35| 300] 365| 43.0| 495| 550

Table 3 Mechanical properties of the wires

Tension(N) Mass/unit length
Catenary wire 16000 1.07
Contact wire 20000 1.35

Spanlength =60 m

Encumbrance =1.2m

Stagger =102m

> X 60 m

Fig. 4 EN 50318 reference model of the catenary
system
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Fig. 5 The interactive model of catenary and pantograph
systems
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Table 4 Simulation results and verification with EN standard

Speed [km/h] 250 300
Category EN standard | Simulation | EN standard | Simulation
Fm [N] 110 ~ 120 113.54 110 ~ 120 115.15
o [N] 26 ~ 31 27.32 32 ~ 40 37.84
Statistical maximum of contact force [N] | 190 ~ 210 195.51 210 ~ 230 224.68
Statistical minimum of contact force [N] 20 ~ 40 31.57 -5~ 20 -2.37
Actual maximum of contact force [N] 175 ~ 210 187.73 190 ~ 225 220.19
Actual minimum of contact force [N] 50 ~ 75 50.69 30 ~ 55 45.06
Maximum uplift at support [mm] 48 ~ 55 51.7/51.4/51.7 55 ~ 65 60.2/59.5/59.9
Percentage of loss of contact [%] 0 0 0 0
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Fig. 8 Displacement of the contact point

Time (sec)

(a) Velocity : 250 km/h

Time {sec)

(b) Velocity : 300 km/h

Fig. 9 Displacement of the 4th ~ 6th steady arm
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